Introduction
============

In industrialized countries, the prevalence and incidence of hepatic steatosis have steadily increased over the past decades ([@bib1]). Besides excessive alcohol consumption, obesity and other metabolic disorders have been frequently identified as potential risk factors for fat accumulation in the liver ([@bib2]). Therefore, hepatic steatosis is viewed as the hepatic manifestation of the metabolic syndrome ([@bib3]).

Previous research in obesity and its metabolic consequences has mainly focused on the role of adipose tissue as an endocrine organ that produces a multitude of metabolically active hormones, so-called adipokines, which are known to be involved in the regulation of glucose and lipid metabolism, food intake and inflammation ([@bib4], [@bib5]). Because adipokines affect insulin sensitivity in the liver ([@bib4]) and their circulating concentrations are altered in patients with nonalcoholic fatty liver disease (NAFLD) ([@bib3], [@bib4]), they have been considered to play a role in the pathogenesis of hepatic steatosis.

Furthermore, adipokines have been considered to play a role in the pathogenesis of hepatic steatosis, because they affect insulin sensitivity in the liver ([@bib4]) and their circulating concentrations are altered in patients with NAFLD ([@bib3], [@bib4]).

The adipokine chemerin is encoded by *RARRES2* (retinoic acid receptor responder 2) and exerts its biological effects mainly via the chemokine-like receptor 1 (CMKLR1) ([@bib5]). In humans, chemerin is known to regulate the cell differentiation from preadipocytes to adipocytes ([@bib6]). Consequently, many studies have observed positive associations of circulating chemerin concentrations with obesity ([@bib6], [@bib7], [@bib8]) and associated metabolic diseases ([@bib6], [@bib9]). Besides their expression in adipose tissue, chemerin and CMKLR1 have been found to be expressed in various other human tissues and cell populations, including the liver ([@bib6]), Kupffer cells ([@bib10]) and primary human hepatocytes ([@bib10]).

Based on these findings, an association between circulating chemerin concentrations and hepatic steatosis is assumed. However, up to now, only few clinical studies have focused on the link between circulating chemerin concentrations and liver function, and these studies have reported conflicting findings ([@bib7], [@bib8], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15]). Some studies have detected higher circulating chemerin concentrations in NAFLD patients than in healthy controls ([@bib11], [@bib13], [@bib14]), whereas others did not confirm this finding ([@bib12], [@bib15]). Likewise, studies dealing with the relation between serum chemerin concentrations and different liver enzymes, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST) or gamma-glutamyltransferase (GGT), have observed conflicting results ([@bib8], [@bib15]).

The situation looks rather different when we look at adiponectin, the most abundant adipokine inside the human body ([@bib16]). Adiponectin is primarily synthesized and released from adipose tissue ([@bib16]) and is known to exert its biological effects mainly via AdipoR1 and AdipoR2 -- two transmembrane receptors ([@bib16]). AdipoR1 is mostly expressed in the skeletal muscle, whereas AdipoR2 is predominantly found in the liver ([@bib16]). Interestingly, human adiponectin has been observed to be inversely associated with obesity as well as with the hepatic fat content ([@bib17], [@bib18], [@bib19]). Hence, existing studies have detected lower circulating adiponectin concentrations in subjects with hepatic steatosis than in healthy controls ([@bib14], [@bib17], [@bib20]). Likewise, inverse correlations between human adiponectin and ALT, AST, alkaline phosphatase (AP) as well as GGT have been reported ([@bib17], [@bib18], [@bib20], [@bib21]).

Actually, there is a lack of consistent results concerning the association of chemerin with hepatic steatosis. Therefore, the aim of the present study was to use data from a large and well-characterized study population to investigate the potential link of circulating chemerin concentrations with circulating concentrations of liver enzymes, MRI-quantified liver fat content and hepatic steatosis (defined by an ultrasonographically assessed hyperechogenic liver or a liver fat content \>5%). To compare and validate these results with another well-studied adipokine, we additionally analyzed circulating adiponectin concentrations in the context of hepatic steatosis.

Materials and methods
=====================

Study population
----------------

The Study of Health in Pomerania (SHIP) is a population-based study conducted in West Pomerania, a rural region in the northeast of Germany ([@bib22]). So far, the overall research project consists of two separate cohorts (SHIP and SHIP-TREND). The present study is based on data from SHIP-TREND. In SHIP-TREND, a stratified random sample of 8826 persons, aged 20--79 years, was drawn from the central population registry of the German Federal State of Mecklenburg-West Pomerania. The baseline examinations were conducted between 2008 and 2012. Overall, 4420 of the invited adults chose to participate (50.1% response). The study followed the principles of the Declaration of Helsinki and was approved by the ethics committee of the University of Greifswald. All participants provided written informed consent. SHIP data are publically available for scientific and quality control purposes and data usage can be applied for via [www.community-medicine.de](http://www.community-medicine.de).

From the 4420 subjects available for analyses, pregnant women (*n* = 10) and subjects with missing data in chemerin or adiponectin concentrations (*n* = 146) or in any of the confounding or outcome variables (*n* = 313) were excluded from the study. The final study population available for the present analyses consisted of 3951 subjects (51.25% women) aged 20--84 years. Data on the MRI-based quantification of liver fat content were available in a subsample consisting of 1735 subjects (51.59% women).

Measurements
------------

Data on age, sex, sociodemographic characteristics and medical histories were obtained by standardized computer-assisted personal interviews. Smoking status was categorized into current, former or never having smoked. Mean daily alcohol consumption was calculated using beverage-specific pure ethanol volume proportions. Height, weight and waist circumference were quantified following a standardized protocol. The weight and height of each subject were used to calculate its body mass index (kg/m^2^). After an initial 5-min resting period, blood pressure was measured three times on seating subjects using a digital blood pressure monitor (HEM-705CP; Omron, Tokyo, Japan), with each reading being followed by a further resting period of 3 min. The mean of the second and third measurements was used for these analyses.

Blood samples were collected between 7:00 h and 13:00 h from the cubital vein. With 61.71% (*n* = 2438), the majority of the observed subjects were fasting at the time of the blood sampling. This means they have not been eating or drinking (except water) for at least 8 h. Aliquots were prepared for immediate analysis and for storage at −80°C. Serum ALT, AST, AP, GGT, total triglycerides, serum glucose and high-sensitivity C-reactive protein (hsCRP) were measured using the Dimension Vista 500 analytical system (Siemens AG). Glycated hemoglobin (HbA1c) was determined by high-performance liquid chromatography with spectrophotometric detection (Diamat Analyzer; Bio-Rad). Plasma chemerin and serum adiponectin concentrations were assessed using a commercially available ELISA technique (Mediagnost, Reutlingen, Germany). The detection limits of the assays were 0.005 ng/mL and 0.0006 μg/mL for chemerin and adiponectin concentrations, respectively. The inter-assay coefficients of variation for chemerin were 5.8 and 5.5% and for adiponectin 6.8 and 6.2% for low and high concentrations, respectively.

Sonographic examinations of the liver were performed by trained physicians with a portable device using a 13-MHz linear array transducer (vivid-I, General Electrics, Frankfurt, Germany). The examiners were not informed about the subject's clinical and laboratory characteristics. A hyperechogenic pattern was defined as the presence of an ultrasonographic 'bright liver' (with evident contrast between hepatic and renal parenchyma) ([@bib23]).

The quantification of liver fat content was done by MRI examination which was performed on a commercial 1.5-Tesla MR system (Magnetom Avanto, Siemens Healthcare AG). Liver fat content was assessed using a three-echo chemical shift encoded MRI of the liver. Postprocessing of MRI data was performed and the proton-density fat fraction was acquired ([@bib24]). At this time, the proton-density fat fraction is the non-invasive reference for assessment of liver fat ([@bib25]). Livers proton-density fat fraction was measured with a region of interest (ROI) placed in the center of the liver. Vessels and artifacts were excluded from the ROI. Based on a previous calibration of proton-density fat fraction and histopathology ([@bib26]), individuals who had more than 5% liver fat content were classified as subjects with evidence for hepatic steatosis.

For statistical analyses, two different definitions of hepatic steatosis were used. In the first setting, hepatic steatosis was defined by the presence of an ultrasonographically assessed hyperechogenic liver (US^+^; *n* = 1598). In the second setting, hepatic steatosis was defined based on MRI examinations: subjects with more than 5% liver fat content were classified as having hepatic steatosis (*n* = 726).

Statistical analyses
--------------------

Continuous data were expressed as median (25th--75th quartile), and nominal data were given as percentage. For bivariate statistics, Mann--Whitney *U* test (interval data) or chi-square test (nominal data) was used to compare men and women. The associations of circulating chemerin and adiponectin concentrations (as exposure variable) with serum liver enzymes (ALT, AST, AP, GGT) or liver fat content were assessed by multivariable quantile regression models. All analyses were done separately for men and women as initial regression models detected statistically significant interaction effects between chemerin and adiponectin with sex. Possible non-linear associations were tested in all models by including restricted cubic splines with three knots located at the 5th, 50th and 95th percentiles. If the likelihood ratio test indicated a significant increase in model fitness, the spline term for chemerin or adiponectin was included in the regression model. All regression models were adjusted for age, waist circumference, HbA1c, total triglycerides, systolic blood pressure and hsCRP. Likewise, logistic regression models were performed to analyze the associations of circulating chemerin and adiponectin with the two different definitions of hepatic steatosis. To avoid very small coefficients in the regression analyses, we always modeled the change per standard deviation ([s.d.]{.smallcaps}) for chemerin ([s.d.]{.smallcaps} = 29 ng/mL) and adiponectin ([s.d.]{.smallcaps} = 5 μg/mL) concentrations, respectively.

In order to examine any potential influence of the fasting status on the observed associations, all analyses were repeated after exclusion of non-fasting subjects (*n* = 1513). Furthermore, the results were validated in a subpopulation without diabetes. The latter was done, in the light of previous studies where an impact of medications for the treatment of type 2 diabetes (e.g., metformin, rosiglitazone or pioglitazone) on chemerin and adiponectin concentrations has been reported ([@bib19], [@bib27]). Therefore, all subjects taking anti-diabetic drugs (classified according to anatomic, therapeutic and chemical (ATC) code A10) or with HbA1c concentrations ≥6.5% were excluded (*n* = 408). Additionally, we examined the potential influence of alcohol consumption or known liver disease within a further sensitivity analysis by excluding subjects with heavy alcohol consumption (men \>30 g/day, women \>20 g/day), a self-reported liver disease (hepatitis, fatty liver, gallstones) or taking bile and liver drugs (ATC: A05; *n* = 662).

Statistical significance was assumed at a *P* value \<0.05 and for interactions at a *P* value \<0.1. Statistical analyses were performed using SAS 9.4 (SAS Institute Inc.).

Results
=======

General characteristics of the study sample
-------------------------------------------

General characteristics of the study population stratified by sex are presented in [Table 1](#tbl1){ref-type="table"}. Women were more often never smokers and consumed less alcohol than men. With respect to metabolic syndrome-related parameters, women showed lower concentrations of total triglycerides, HbA1c, glucose, blood pressure as well as a smaller waist circumference and a lower body mass index compared to men. However, women exhibited higher serum concentrations of hsCRP than men. The prevalence of ultrasound-based defined hepatic steatosis was 47.09% in men and 34.12% in women. This higher prevalence for men was also reflected in the MRI-quantified liver fat content and serum concentrations of ALT, AST, AP and GGT. Circulating chemerin and adiponectin concentrations were significantly higher in women than in men ([Table 1](#tbl1){ref-type="table"}). No fasting-dependent or diurnal effects on adipokine concentrations were observed (data not shown). Table 1Descriptive statistics of the study population.Men (*n* = 1926)Women (*n* = 2025)*P*Age (years)53 (41--65)52 (40--64)\<0.01Smoking (%)\<0.01 Never smokers24.8746.76 Former smokers45.7929.14 Current smokers29.3424.10Fasting (≥8 h) (%)58.6264.64\<0.01Alcohol consumption (g/day)7.9 (2.1--18.5)1.8 (0.4--4.9)\<0.01Waist circumference (cm)97 (89--106)84 (75--94)\<0.01Body mass index (kg/m^2^)28 (26--31)27 (24--31)\<0.01hsCRP (mg/L)1.2 (0.6--2.5)1.5 (0.8--3.4)\<0.01HbA1c (%)5.3 (5.0--5.8)5.2 (4.8--5.6)\<0.01Glucose (mmol/L)5.6 (5.2--6.2)5.2 (4.9--5.7)\<0.01Total triglycerides (mmol/L)1.6 (1.1--2.3)1.3 (0.9--1.8)\<0.01Systolic blood pressure (mmHg)133 (124--144)120 (110--133)\<0.01Diastolic blood pressure (mmHg)80 (73--86)74 (69--81)\<0.01ALT (μkatal/L)0.46 (0.34--0.64)0.31 (0.24--0.41)\<0.01AST (μkatal/L)0.33 (0.26--0.41)0.26 (0.21--0.33)\<0.01AP (μkatal/L)1.10 (0.96--1.30)1.10 (0.89--1.40)\<0.01GGT (μkatal/L)0.64 (0.47--0.94)0.43 (0.35--0.56)\<0.01Hepatic steatosis (US+) (%)47.0934.12\<0.01Liver fat content^a^ (MRI) (%)4.95 (2.84--9.26)3.25 (2.15--6.93)\<0.01Hepatic steatosis (LFC^a^ \>5%) (%)49.2934.86\<0.01Adiponectin (μg/mL)5.4 (3.7--7.6)8.9 (6.2--12.2)\<0.01Chemerin (ng/mL)95.4 (80.5--113.9)102.4 (85.7--122.0)\<0.01[^1][^2][^3]

Association of plasma chemerin with liver enzymes, MRI-quantified liver fat content and different definitions of hepatic steatosis
----------------------------------------------------------------------------------------------------------------------------------

Quantile regression analyses revealed a positive association between chemerin and the liver enzyme AP in both sexes. The bell-shaped association of chemerin with ALT and GGT was observed only in men. The positive association between chemerin and AST was detected in women, but not in men. When only considering fasting subjects, it can be observed that the significant associations between chemerin and liver enzymes seen before mainly disappeared. Only the positive association between chemerin and AP in women remained ([Table 2](#tbl2){ref-type="table"}). After exclusion of subjects taking anti-diabetic drugs or with HbA1c concentrations ≥6.5%, the bell-shaped association between chemerin and ALT seen in men changed to a non-significant positive one (data not shown). The bell-shaped association of chemerin with GGT observed in men changed to a non-significant positive one after exclusion of subjects with heavy alcohol consumption or reported liver disease (data not shown). Table 2Results from sex-specific quantile regression analyses: associations of circulating chemerin and adiponectin concentrations with liver enzymes and MRI-quantified liver fat content (LFC).Men (*n* = 1926)Fasting men (*n* = 1129)Chemerin per 29 ng/mLAdiponectin per 5 μg/mLChemerin per 29 ng/mLAdiponectin per 5 μg/mLBeta (SthErr)*P*Beta (SthErr)*P*Beta (SthErr)*P*Beta (SthErr)*P*ALTlin0.042 (0.012)\<0.01−0.058 (0.020)\<0.010.012 (0.008)0.17−0.009 (0.008)0.24spl−0.007 (0.002)\<0.010.016 (0.006)\<0.01--ASTlin−0.005 (0.005)0.280.011 (0.005)0.02−0.002 (0.006)0.79−0.025 (0.018)0.16spl------0.017 (0.006)\<0.01APlin0.025 (0.007)\<0.010.012 (0.012)0.310.018 (0.010)0.070.007 (0.017)0.69GGTlin0.054 (0.016)\<0.010.009 (0.011)0.400.016 (0.013)0.210.009 (0.013)0.47spl−0.008 (0.002)\<0.01------LFC^a^Lin0.585 (0.216)\<0.01−0.825 (0.171)\<0.010.672 (0.258)\<0.01−0.827 (0.207)\<0.01**Women** (*n* = 2025)**Fasting women** (*n* = 1309)Chemerin per 29 ng/mLAdiponectin per 5 μg/mLChemerin per 29 ng/mLAdiponectin per 5 μg/mLBeta (StdErr)*P*Beta (StdErr)*P*Beta (StdErr)*P*Beta (StdErr)*P*ALTlin0.004 (0.004)0.24−0.003 (0.003)0.260.009 (0.005)0.07−0.003 (0.004)0.38ASTlin0.005 (0.003)0.050.006 (0.002)0.010.005 (0.004)0.140.010 (0.003)\<0.01APlin0.038 (0.010)\<0.010.016 (0.008)0.060.042 (0.012)\<0.010.011 (0.011)0.28GGTlin0.010 (0.005)0.04−0.007 (0.003)0.040.009 (0.006)0.15−0.005 (0.004)0.25LFC^a^lin−0.554 (0.190)\<0.01−0.516 (0.068)\<0.01−0.879 (0.264)\<0.01−0.324 (0.080)\<0.01spl0.149 (0.045)\<0.01--0.198 (0.058)\<0.01--[^4][^5][^6]

The association between chemerin and MRI-quantified liver fat content was strictly positive in men, whereas women showed a U-shaped association ([Fig. 1](#fig1){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). These associations remained stable in all sensitivity analyses.Figure 1Associations of plasma chemerin concentrations with liver enzymes and liver fat content (LFC) as calculated by sex-specific quantile regression analyses. Presented is the predicted median together with its corresponding 95% confidence interval separately for men (blue, x2 axis) and women (red, x1 axis). Quantile regression models were adjusted for age, waist circumference, glycated hemoglobin, systolic blood pressure, total triglycerides and high-sensitivity C-reactive protein. \*Magnetic resonance imaging examinations were performed in a subsample of 840 men and 895 women. ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase.

Fully adjusted logistic regression models were performed to assess the odds of hepatic steatosis (determined by two different definitions) depending on chemerin concentrations. In men, each increase in plasma chemerin per 29 ng/mL was associated with 16% higher odds of ultrasound-based defined hepatic steatosis. In contrast, no significant association between chemerin and ultrasound-based defined hepatic steatosis was seen for women ([Table 3](#tbl3){ref-type="table"}). When hepatic steatosis was defined by MRI-quantified liver fat content, a significant association with chemerin was seen in both sexes after adjustment for the full risk factor profile ([Table 3](#tbl3){ref-type="table"}). The results of fasting subjects were clearly comparable with the results presented for the whole study population ([Table 3](#tbl3){ref-type="table"}). Furthermore, the presented effect estimates remained stable when repeating the analyses in the other subpopulations (data not shown). Table 3Results from sex-specific logistic regression analyses: associations of circulating chemerin and adiponectin with the odds of hepatic steatosis as defined by two different criteria.CasesChemerin per 29 ng/mLAdiponectin per 5 μg/mLOR (95% CI)*P*OR (95% CI)*P*Hepatic steatosis defined based on ultrasound (US) MenUS^−^1019Ref.Ref.US^+^9071.16 (1.02--1.31)0.020.56 (0.47--0.66)\<0.01 Fasting menUS^−^602Ref.Ref.US^+^5271.24 (1.05--1.46)0.010.60 (0.48--0.74)\<0.01 WomenUS^−^1334Ref.Ref.US^+^6910.97 (0.86--1.10)0.650.79 (0.70--0.89)\<0.01 Fasting womenUS^−^871Ref.Ref.US^+^4381.04 (0.88--1.23)0.650.86 (0.74--0.99)0.05Hepatic steatosis defined based on liver fat content (LFC--MRI) MenLFC^a^ ≤5%426Ref.Ref.LFC^a^ \>5%4141.42 (1.14--1.76)\<0.010.52 (0.40--0.69)\<0.01 Fasting menLFC^a^ ≤5%295Ref.Ref.LFC^a^ \>5%2821.34 (1.02--1.75)0.030.53 (0.38--0.75)\<0.01 WomenLFC^a^ ≤5%583Ref.Ref.LFC^a^ \>5%3121.36 (1.09--1.71)\<0.010.58 (0.47--0.72)\<0.01 Fasting womenLFC^a^ ≤5%459Ref.Ref.LFC^a^ \>5%2271.37 (1.05--1.80)0.020.65 (0.51--0.84)\<0.01[^7][^8][^9]

Association of serum adiponectin with liver enzymes, MRI-quantified liver fat content and different definitions of hepatic steatosis
------------------------------------------------------------------------------------------------------------------------------------

Fully adjusted quantile regression models revealed a positive association between adiponectin and AST in both sexes but no association with AP. A U-shaped association was observed between adiponectin and ALT in men, whereas no associations between these parameters were seen in women. The inverse association between adiponectin and GGT became only apparent in women, but not in men. When analyzing only fasting subjects, the association between adiponectin and AST remained significant in women and changed to a U-shaped association in men. For all other liver enzymes, no significant associations with adiponectin were seen anymore when looking at only fasting subjects ([Table 2](#tbl2){ref-type="table"}). Similarly, two further sensitivity analyses revealed very inconsistent results regarding the associations between adiponectin and liver enzymes (data not shown).

In both sexes, a clearly significant inverse association was seen between adiponectin and MRI-quantified liver fat content ([Fig. 2](#fig2){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). This association remained stable in all observed subpopulations.Figure 2Associations of serum adiponectin concentrations with liver enzymes and liver fat content (LFC) as calculated by sex-specific quantile regression analyses. Presented is the predicted median together with its corresponding 95% confidence interval separately for men (blue, x2 axis) and women (red, x1 axis). Quantile regression models were adjusted for age, waist circumference, glycated hemoglobin, systolic blood pressure, total triglycerides and high-sensitivity C-reactive protein. \*Magnetic resonance imaging examinations were performed in a subsample of 840 men and 895 women. ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase.

Logistic regression analyses confirmed the inverse association between adiponectin and liver fat content. By each increase in serum adiponectin concentrations per 5 μg/mL, men and women showed 48 and 42% lower odds of having hepatic steatosis defined by MRI-quantified liver fat content ([Table 3](#tbl3){ref-type="table"}), respectively. Similar results were observed from the ultrasound-based definition of hepatic steatosis ([Table 3](#tbl3){ref-type="table"}). Sensitivity analyses with fasting subjects clearly confirmed the results seen in the whole study population ([Table 3](#tbl3){ref-type="table"}). Moreover, the presented effect estimates remained stable in the different subpopulations that were examined for sensitivity analyses (data not shown).

Discussion
==========

In the present study, we used data from a general population to examine the associations of circulating chemerin and adiponectin concentrations with liver enzymes, MRI-quantified liver fat content and two different definitions of hepatic steatosis. The analyses regarding the relation of chemerin and adiponectin with liver enzymes showed very divergent findings depending on sex, fasting status and the specific enzyme. More consistent results were seen in the analyses of MRI-quantified liver fat content with strictly inverse associations to adiponectin in both sexes and a positive or U-shaped association to chemerin in men or women, respectively. Likewise, the MRI-based definition of hepatic steatosis revealed the most obvious results: in both sexes high chemerin concentrations were associated with higher odds of hepatic steatosis, whereas high adiponectin concentrations were associated with lower odds of hepatic steatosis. Hence, the two observed adipokines showed opposite effects in relation to hepatic steatosis.

Relation between circulating chemerin concentrations and liver enzymes, MRI-quantified liver fat content and hepatic steatosis
------------------------------------------------------------------------------------------------------------------------------

Most individuals with hepatic steatosis are asymptomatic and hence the liver disease is often accidentally discovered by high concentrations of liver enzymes which are known to indicate a damage of the liver cells ([@bib2], [@bib28]). However, the underlying diseases and conditions that may contribute to high liver enzymes can be manifold ([@bib28]). Hence, liver enzymes as indicators of liver function are not very specific which may explain the still considerable disagreement on the possible relation between circulating chemerin concentrations and different liver enzymes. Contrary to our results, a broad range of studies have failed to detect significant associations between serum chemerin concentrations and ALT, AST or GGT ([@bib15], [@bib29], [@bib30]). Beside the potential unspecific nature of liver enzymes, possible reasons for these inconsistent results might be the relatively low number of study participants in previous investigations and/or unconsidered sex effects. To the best of our knowledge, none of the existing studies have performed sex-specific analyses even though evidence exists that CMKLR1 mRNA regulation in chronic liver diseases is influenced by sex ([@bib31]). Furthermore, our analyses showed that the subjects' fasting status had a strong influence on the observed associations between chemerin concentrations and liver enzymes as the majority of detected associations disappeared when only fasting subjects were considered. In line with this, previous studies which explicitly analyzed only fasting subjects were not able to observe significant associations between serum chemerin concentrations and ALT, AST or GGT ([@bib29], [@bib30]).

Nevertheless, the observed positive association between circulating chemerin concentrations and hepatic steatosis (defined by a MRI-quantified liver fat content \>5%) was consistent in both sexes in the present study. Previous studies investigating this association have mainly focused on patients with the clinical diagnosis of NAFLD ([@bib11], [@bib12], [@bib13], [@bib14], [@bib15]) and have detected higher ([@bib11], [@bib13], [@bib14]), but also similar ([@bib12], [@bib15]) serum chemerin concentrations in patients with NAFLD compared with healthy controls. Our results were further supported by experimental studies showing elevated hepatic chemerin and CMKLR1 mRNA expression levels in patients with hepatic steatosis compared to healthy controls ([@bib32], [@bib33]) as well as increased expression levels with the severity of hepatic steatosis ([@bib32]). However, these studies have been contradicted by other investigations which reported that hepatic chemerin and CMKLR1 expressions are reduced in rodent and human fatty liver ([@bib10], [@bib34]). Finally, no correlation between hepatic chemerin mRNA expressions and circulating chemerin concentrations has been detected within previous studies ([@bib32]). Therefore, changes in chemerin expressions may not correspond to changes in circulating chemerin concentrations. More analyses are needed to clarify the regulation of chemerin expression in the liver and its influence on circulating concentrations.

Besides its potential actions in the liver, chemerin might be involved in the pathogenesis of hepatic steatosis by influencing the innate immune system ([@bib5], [@bib35]). This might happen by its known ability to recruit cells of the innate immune system to sites of tissue injury through activation of CMKLR1 ([@bib5]). An imbalance of these innate immune cells in the liver is believed to play an important role in the pathogenesis of hepatic steatosis by influencing an excessive production of Th1 cytokines or generating reactive oxygen species ([@bib35]). Furthermore, circulating chemerin has been observed to be positively correlated with macrophages ([@bib7]) and a number of pro-inflammatory cytokines ([@bib33]). In accordance, decreased hepatic mRNA expressions of the pro-inflammatory cytokines TNFα and IL-6 have been detected in CMKLR1-knockout mice compared with WT mice ([@bib36]). In summary, these studies suggest that the high circulating chemerin concentrations might be explained as an inflammatory response occurring during hepatic steatosis. In the present study, all analyses were adjusted for hsCRP as inflammatory marker. Therefore, we assume that the detected positive association between plasma chemerin concentrations and hepatic steatosis was observed independently of inflammatory processes.

Relation between circulating adiponectin concentrations and liver enzymes, MRI-quantified liver fat content and hepatic steatosis
---------------------------------------------------------------------------------------------------------------------------------

Existing human studies dealing with the association between circulating adiponectin and the presence of hepatic steatosis have mainly reported inverse relations ([@bib17], [@bib18], [@bib20]) and are therefore in line with our results. Moreover, many investigations have revealed lower circulating adiponectin concentrations together with the grade of hepatic steatosis or the amount of hepatic fat ([@bib14], [@bib17], [@bib18], [@bib19], [@bib37]). However, unlike our results, most of the existing data have shown an inverse association between adiponectin and ALT, AST, AP or GGT ([@bib17], [@bib18], [@bib20], [@bib21]). Explanations for the mentioned discrepancy between these reports and our results may be found in different adjustment sets applied for multivariable regression analyses and/or unconsidered sex-specific effects. Furthermore, we observed that the associations between circulating adiponectin concentrations and liver enzymes were highly sensitive to the subjects' fasting status, an aspect which is often not considered ([@bib18], [@bib21]) and which hamper the comparison between studies. Those few studies that explicitly analyzed only fasting subjects revealed a significant inverse association of adiponectin with ALT or GGT ([@bib17], [@bib20]). Although we observed non-significant associations between adiponectin and those liver enzymes, a strong and significant inverse association between adiponectin concentrations and MRI-quantified liver fat content was seen (independently from subjects' fasting status).

In line with our results, recent experimental studies have shown that adiponectin as well as its two main receptors, AdipoR1 and AdipoR2, were expressed by different liver cells ([@bib16]) and that the expression levels were inversely associated with the severity of hepatic steatosis ([@bib38]). Thus, adiponectin seems to have hepatoprotective actions ([@bib16]), but as described in several *in vitro* and *in vivo* studies, the potential mechanisms through which adiponectin may exert these protective properties can be manifold.

Similar to chemerin, adiponectin appears to play an important role during inflammatory processes. In this regard, it was observed that adiponectin inhibits the expression and actions of pro-inflammatory cytokines ([@bib39]), while inducing the production of anti-inflammatory cytokines ([@bib37]). As pro-inflammatory cytokines are known to be key mediators of liver diseases ([@bib40]), the anti-inflammatory mechanisms of adiponectin might explain the observed inverse association between its circulating concentrations and hepatic steatosis. However, all our analyses were adjusted for hsCRP and thus it is likely that the detected inverse association between adiponectin and hepatic steatosis was observed independently of inflammatory mechanisms.

Other experimental studies suggest that the hepatoprotective actions of adiponectin might be explained by its involvement in the process of fatty acid synthesis ([@bib41]), its influence on proliferation and migration of hepatic stellate cells ([@bib42]) or its ability to inhibit apoptotic cell death of hepatocytes ([@bib43]). Taken together, adiponectin seems to be able to control a number of different mechanisms in the liver, but further experimental studies are urgently needed to clarify the exact underlying mechanisms.

Definition of hepatic steatosis
-------------------------------

In order to validate our findings, we used two different ways to define hepatic steatosis. In a first setting, we defined hepatic steatosis by the presence of an ultrasonographically assessed hyperechogenic liver. The second definition of hepatic steatosis was based on MRI examinations. With the exception of the association between chemerin and hepatic steatosis in women, all analyses revealed clearly comparable results for both definitions of hepatic steatosis. Only the observed effect estimates were slightly higher when using the MRI-based definition compared to the ultrasound-based definition of hepatic steatosis. However, in women, it was not possible to validate the observed positive association between chemerin and the MRI-based definition of hepatic steatosis when using the ultrasound-based definition, for reasons currently unknown. In general, previous studies have reported that MRI methods are highly accurate and reproducible in measuring liver fat content ([@bib44], [@bib45]). Therefore, we assume that the detected association between chemerin and MRI-based definition of hepatic steatosis is reliable.

Strengths and limitations
-------------------------

The key strengths of the present study are the large sample size with a total of 3872 subjects and the consistency and high quality with which the data was collected. In order to verify our results, we measured different liver enzymes and used two imaging methods to estimate hepatic steatosis. Moreover, we investigated the associations of circulating chemerin and adiponectin with MRI-quantified liver fat content as well as possible sex-specific differences in the associations of circulating chemerin concentrations with hepatic steatosis for the first time. Limitations arise from the cross-sectional study design, which prevents the assessment of causal relations and does not allow announcing the mechanisms behind the observed associations. Furthermore, it was not possible to examine any potential influence of the fasting status at the time of the MRI examinations on our results as this information was missing.

Conclusion
----------

In conclusion, our study is the first that reports significant associations of circulating chemerin and adiponectin concentrations with MRI-quantified liver fat content in both sexes using data from a large population-based study. Interestingly, chemerin and adiponectin exert opposite effects in this context. The existing literature suggests that both adipokines are involved in the inflammatory response that develops during hepatic steatosis ([@bib14]). However, in the present study, the associations between these adipokines and hepatic steatosis were observed independently of inflammatory disorders. This suggests that the relation between the analyzed adipokines and hepatic steatosis cannot be explained by inflammatory changes alone. Future longitudinal examinations evaluating the predictive and therapeutic meaning of adiponectin and chemerin in hepatic steatosis are urgently needed. Furthermore, experimental studies are necessary to clarify the complex paracrine and endocrine mechanisms underlying the link between circulating adipokine concentrations and hepatic steatosis.
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[^1]: Continuous data are expressed as median (1st--3rd quartile); nominal data are given as percentages. Chi-square test (nominal data) or Mann--Whitney *U* test (continuous data) was used for comparisons between men and women.

[^2]: ^a^Magnetic resonance imaging (MRI) examinations were performed in a subsample of 1735 subjects.

[^3]: ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl-transferase; HbA1c, glycated hemoglobin; hsCRP, high-sensitivity C-reactive protein; LFC, liver fat content; US^+^, presence of an hyperechogenic liver defined via ultrasonography (US).

[^4]: Quantile regression was used to predict the median. The estimated coefficients (beta), standard errors (StdErr) and *P* values are given. Quantile regression models were adjusted for age, waist circumference, glycated hemoglobin, systolic blood pressure, total triglycerides and high-sensitivity C-reactive protein. A spline term (spl) was added to the linear term (lin) of the respective adipokine when the usage of splines represented a gain in model quality as assessed by a likelihood ratio test.

[^5]: ^a^Magnetic resonance imaging (MRI) examinations were performed in a subsample of 840 men (577 of them fasting) and 895 women (686 of them fasting).

[^6]: ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl-transferase.

[^7]: Presented are the odds ratios (OR), together with the 95% confidence interval (95% CI) and the *P* value. Logistic regression models were adjusted for age, waist circumference, glycated hemoglobin, systolic blood pressure, total triglycerides and high-sensitivity C-reactive protein.

[^8]: ^a^Magnetic resonance imaging (MRI) examinations were performed in a subsample of 840 men (577 of them fasting) and 895 women (686 of them fasting).

[^9]: LFC, liver fat content; ref, reference group; US^+^, presence of a hyperechogenic liver defined via ultrasonography (US); US^−^, no presence of a hyperechogenic liver.
